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(57) A high -energy electron diffraction apparatus is 
disclosed in which its electron beam source (11) is con- 
structed to include a field emission type electron emitter 
and a final lens stop or diaphragm (15) is disposed be- 
tween an objective lens and a specimen. A region of en- 
vironment of the electron beam that extends from the 
electron beam source (11) to an objective lens stop or 
diaphragm (13) is held to a high vacuum, and a region 
of environment of the electron beam that extends from 
the objective lens stop or diaphragm (1 3) to the final lens 
stop or diaphragm (15) is held to a medium vacuum. A 
beam axial alignment electrode assembly (14) is dis- 
posed between the objective lens stop or diaphragm 
(13) and the final lens stop or diaphragm (15). There are 
also disposed an astigmatic correction electrode as- 
sembly (16) and a scan deflection electrode assembly 
between the final lens stop or diaphragm (15) and the 
specimen. A screen is spaced away from the specimen 
at a distance of 50 mm or less. 
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Description 

Technical Field 

[0001 ] This invention relates to an apparatus for high- 
energy electron diffraction (HEED) analysis of reflection 
type. 

Background Art 

[0002] Among conventional techniques for electron 
diffraction there is.known as an analytical technique, re- 
flection type high-energy electron diffraction (abbreviat- 
ed and hereinafter also referred to as "RHEED") in 
which a beam of electrons is accelerated and focused 
for incidence at a small angle on the surface of a spec- 
imen and diffracted therein, and diffracted beams pro- 
duced are reflected, forming an image. 
[0003] A system for RHEED in general has a makeup 
as illustrated in Fig. 14. 

[0004] In the RHEED system 1 as shown in Fig. 14, 
a beam of electrons emitted from a source thereof 2 are 
directed towards an anode 3. The electron beam having 
passed through an opening 3a formed in the anode is 
accelerated and focused through an electronic objective 
lens 4 and objective diaphragm or lens stop 5 to impinge 
on a specimen 6 where beam diffraction produces dif- 
fracted electron beams which are reflected to impinge 
on a screen 7. The intensity of the diffracted beams is 
detected by a CCD (charge coupled device) not shown. 
[0005] Using the RHEED system 1 in a low or reduced 
pressure process such as molecular beam epitaxy al- 
lows a film to grow, and its growth to be monitored, at 
an accuracy of one atomic layer, based on the fact that 
the mirror reflection intensity of the electron beams os- 
cillates reflecting the irregularity of a surface on a level 
of one atomic layer. 

[0006] By the way, for the source of electron beams 2 
use has widely been made of an emitter of thermionic 
emission type which is readily usable at a pressure as 
low as 1 0" 3 Pa or even lower. An electron beam having 
a diameter of 20 to 40jim is thereby produced. 
[0007] In such a case, if the electron beam is incident 
at an angle of 0.5 to 5 degrees on the specimen 6 and 
if the electronic objective lens 4 and the specimen 6 are 
spaced apart by a distance that is equal to a focal dis- 
tance" f as long as -105 mm or more, then the electron 
beam from the electron beam source 2 focused on the 
specimen 6 by the electronic objective lens 4 cannot be 
reduced in minimum diameter to less than 100uxn. 
[0008] Thus, if the electron beam is incident at, for ex- 
ample, 3 degrees, on the specimen 6 it will have a cross 
section projected on a surface of the specimen whose 
diameter in its longitudinal direction is as large as about 
2 mm. This means it is not possible, and this has indeed 
made it impossible, to monitor and identify on the spec- 
imen 6 a varying thin film structure as small as 2mm x 
100u.m or less. 



[0009] It should be noted that this existing failure in 
the RHEED lies where on the other hand the state of art 
has the recent years seen a variety of in-vacuum film 
forming apparatus proposed, based on a so-called com- 

5 binatorial technique that makes it possible to form on a 
given specimen very thin films adjacent to each other, 
called pixels, which vary in film forming conditions, si- 
multaneously in a single process step. The pixels lying 
adjacent to each other commonly have a size of at most 

10 100|im x 100u,m and typically'less, which it is desirable 
to monitor and identify. 

[0010] Further, while in the conventional applications 
of the RHEED the position of a spot on the specimen 
irradiated with the electron beam can be located enough 

15 on visual observation, this does not apply to the combi- 
natorial synthesis used to prepare a plurality of thin films 
parallel to one another Then, the need arises to adjust 
the position of irradiation with the electron beam, accu- 
rately in the order of the size7e. g., 1 00u,m x 1 0Ojirn, of 

20 each of the pixels lying adjacent to each other so that 
the irradiating beam may be positioned precisely pixel 
by pixel. 

[0011] Therefore, in order for pixels to be monitored 
and identified each individually with precision under 

25 their given respective irradiating conditions, a need aris- 
es to form a beam of electrons having an area of irradi- 
ation that is at most equal to the size of a pixel or less. 
[0012] Mention may further be made of the fact that a 
RHEED system is also known provided with what is 

30 called a differential evacuation structure as shown in 
Fig. 15. 

[0013] Such a RHEED system as illustrated in Fig. 15 
differs from that shown in Fig. 14 in that a region of the 
system extending from the electron beam source 2 over 

35 to the electronic objective lens 4 and objective dia- 
phragm or lens stop 5 is disposed in a low pressure 
chamber 9 and an area of the electron beam source 2 
is reduced in pressure by a pump 9a and held at a pres- 
sure of 10 -3 Pa or less, 

40 [0014] By reason of the limitation imposed by the 
structure with a single pressure stage of the objective 
diaphragm or lens stop 5 to make a maximum differen- 
tial pressure ratio attainable at most about 1/1 000, hold- 
ing the region of the electron beam source 2 under a 

45 pressure of 10" 3 Pa or less has required the region of 
the specimen 6 to be placed under a pressure of several 
Pa or less 

[0015] Such structured RHEED system 8, as does the 
RH E ED system 1 of Fig. 14, makes it impossible to mon* 

so jtor and identify on the specimen 6 varying thin film struc- 
tures as small as 2mm x 100ujtj in size. 
[0016] It is accordingly an object of the present inven- 
tion to provide a high-energy electron diffraction analy- 
sis apparatus that is capable of monitoring and identify- 

55 ing varying thin film structures of 100|xm x 100 jim or 
less in size synthesized parallel to one another on a 
specimen. 
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Disclosure of the Invention 

[0017] In order to achieve the objects mentioned 
above, the present invention provides a high-energy 
electron beam diffraction analysis apparatus in which a 
specimen is securely held in a vacuum chamber capa- 
ble of evacuation to a high vacuum and is irradiated with 
a high-energy beam of electrons to form an image of 
reflected beam diffraction, which apparatus comprises: 
a first casing adapted to accommodate therein an elec- 
tron beam source for producing an electron beam, the 
first casing having a first aperture; and a second casing 
coupled to the said first casing via the said first aperture 
and having an end portion formed with a second aper- 
ture coaxial with the said first aperture, wherein the said 
first and second casings form a differential evacuation 
structure with the said first casing held lower in pressure 
than the said second casing, and the said electron beam 
source accommodated in the said first casing comprises 
a field emission type electron emitter. 
[0018] This construction that makes up the region 
from the electron beam source constituted with a field 
emission type electron emitter to the specimen in a two- 
stage differential evacuator structure allows the first 
casing to be held under a low pressure of 1 0 -6 Pa or less 
suited for the field emission type electron emitter and 
yet a region of the specimen to be held under a compar- 
atively high pressure of several tens Pa. Thus, should 
the first casing be evacuated to a high vacuum as low 
as 1 0' 6 Pa or less which the use of a field emission type 
electron emitter as the electron beam source requires, 
creating a difference in pressure in two stages allows 
not only the first casing to be readily so evacuated but 
a region of the specimen to be yet left high in pressure 
for the ease of handling specimens. 
[0019] The field emission type electron emitter is ad- 
vantageous in that it emits an electron beam as fine as 
several hundreds angstroms or less in diameter which 
is left as still fine as 0.5ujti or less in diameter when in- 
cident on a specimen placed at a long focal distance of 
150 mm or more. 

[0020] A high-energy electron diffraction apparatus 
according to the present invention as set forth preferably 
provides the said first casing in a region of the said first 
aperture with an electronic objective lens and objective 
diaphragm or lens stop for focusing the electron beam 
from the said source on a specimen, and the said sec- 
ond casing at the said second aperture with a final dia- 
phragm or lens stop. 

[0021] This construction coupled to the use of a field 
emission type electron emitter permits the electron 
beam incident on a specimen to remain as thin as 0.5u,m 
or less even if the specimen is spaced from the elec- 
tronic lens at a distance of 150 mm to 300 mm. 
[0022] Thus, if the electron beam is incident on the 
specimen at an angle of incidence of, e. g., 3 degrees, 
its size projected on the specimen b ing in the order of 
100u. m x 0.5um will be sufficient to identify a thin film 
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structure of 100^m x 100u.m or less in size such as a 
pixel of 1 OOujti x 1 00u.m or less in size in the so-called 
combinatorial process. 

[0023] Also, a high-energy electron diffraction appa- 

5 ratus according to the present invention as set forth pref- 
erably includes an axial alignment means disposed be- 
tween the objective diaphragm or lens stop disposed in 
the region of the said first aperture in the said first casing 
and the final diaphragm or lens stop disposed at the said 

10 second aperture in the said second casing for adjusting 
an axial alignment of the electron beam passed through 
the said objective diaphragm or lens stop. 
[0024] This construction in which the axial alignment 
means that may be constituted with axial alignment 

15 electrodes or electromagnetic coils allows an electron 
beam passed through the objective diaphragm or lens 
stop to be axially aligned and brought into alignment with 
an axis to a specimen, permits the electron beam to pre- 
cisely be incident on the specimen. 

20 [0025] Further, high-energy electron diffraction appa- 
ratus according to the present invention preferably in- 
cludes, disposed between the said final diaphragm or 
lens stop disposed at the said second aperture and the 
said specimen, at least one of an astigmatic correction 

25 means for correcting a projected image of the electron 
beam incident on the said specimen and a scan deflec- 
tion means for adjustably positioning the electron beam 
relative to an area on the specimen that is irradiated 
therewith. 

30 [0026] According to this construction, providing forthe 
astigmatic correction means constituted, e. g., by astig- 
matic correction electrodes causes the electrodes to 
make the pencil of the electron beam incident obliquely 
onto a specimen narrower in cross section, thereby 

35 making its projected image circular. This permits an 
electron beam that may if not so corrected be projected 
to have a size of 1 OOujti x 0.5jim to be converted into a 
circular projected image of about 20|im in diameter, 
thereby permitting a thin film structure on the specimen 

40 to be identified with an equal resolution both lengthwise 
and breadthwise. 

[0027] Also, providing for the scan deflection means 
constituted, e. g., by scan deflection electrodes causes 
the electrodes to deflect the center of the incident elec- 
ts tron beam and to effect its scanning based on a scan- 
ning signal. This permits a detector that may be used to 
detect the impingement of the electron beam on a 
screen while scanning on the screen to scan in synchro- 
nous with a scan-deflecting signal forthe scan deflection 
so electrodes , thus to permit observing a magnified image 
that is composed of a plurality of pixels on the screen, 
and to make it possible to adjust the position of irradia- 
tion with the electron beam with an increased reliability. 
[0028] Also, a high-energy electron diffraction appa- 
55 ratus according to th pres nt invention preferably in- 
cludes the said astigmatic correction means and the 
said scan deflection m ans as disposed alternately, 
symmetrically about-an axis of the electron beam. 
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[0029] This construction permits scanning an electron 
beam while rectifying its beam diameter. 
[0030] Yet further, a high-energy electron diffraction 
apparatus according to the present invention as set forth 
preferably includes the said astigmatic correction 
means and the said scan deflection means as construct- 
ed so as to be interchangeable on changing polarity. 
[0031] According to this construction, simply chang- 
ing the polarity of a voltage that controls driving the as- 
tigmatic correction means and the scan deflection 
means easily alters their operations. 
[0032] Also, a high-energy electron diffraction appa- 
ratus according to the present invention as set forth pref- 
erably uses as or in each of the said astigmatic correc- 
tion means and the said scan deflecting means a plu- 
rality of pairs of electrodes or electromagnetic coils. 
[0033] This construction, which permits creating an 
electromagnetic force at a site at which an element of 
the astigmatic correction means and the scan deflection 
means, is provided to control the beam diameter of an 
electron beam and the direction of its scanning. 
[0034] Still further, a high-energy electron diffraction 
apparatus according to the present invention preferably 
uses in the said scan deflection means a first and a sec- 
ond deflecting electromagnetic coil means for permitting 
the electron beam to be incident on the specimen at any 
given angle of incidence as desired. 
[0035] This construction permits a specimen and a 
selected area thereof to be scanned with an incoming 
electron beam moving parallel and incident at a given 
angle adjustable in a wide range, and thus allows, for 
example, a rocking curve to be promptly obtained. 
[0036] Also, a high-energy electron diffraction appa- 
ratus according to the present invention as set forth pref- 
erably includes a screen for projecting thereon the dif- 
fracted electron beams from said specimen, disposed 
at a position spaced apart from the specimen at a dis- 
tance not greater than 50. 

[0037] This construction permits electrons reflected 
by a specimen if a region thereof is placed under a rel- 
atively high pressure in the order of several tens Pa to 
reach the screen without much experiencing collision 
with and scattering by intervening gaseous molecules, 
and thus allows the electrons reflected by the specimen 
to be detected with precision. 

[0038] Further, a high-energy electron diffraction ap- 
paratus according to the present invention as set forth 
pref rably uses as a screen for projecting thereon the 
diffracted electron beams from said specimen, a porous 
screen with an electron multiplying function. 
[0039] This construction permits a weak diffraction 
signal caused by a small number of electrons reflected 
to yet yield detecting those electrons from the screen 
without fail. 

Brief Description of the Drawings 

[0040] The present inv ntion will better be understood 
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from the following detailed description and the drawings 
attached hereto showing certain illustrative forms of em- 
bodiment of the present invention. In this connection, it 
should be noted that such forms of embodiment illus- 
5 trated in the accompanying drawings hereof are intend- 
ed in no way to limit the present invention but to facilitate 
an explanation and understanding thereof. 
[0041] In the drawings: 

Fig. 1 is a diagrammatic side view illustrating the 
construction of a high-energy electron diffraction 
apparatus that represents a first form of embodi- 
ment of the present invention; 
Fig. 2 is a partial side view illustrating an exemplary 
construction of the electron beam source for use in 
the high-energy electron diffraction apparatus 
shown in Fig. 1; 

Fig. 3 is a diagrammatic cross sectional view in el- 
evation illustrating an exemplary construction of an 
axial alignment electrode assembly for use in the 
high-energy electron diffraction apparatus shown in 
Hg. 1; 

Fig. 4A is a diagrammatic cross sectional view in 
elevation illustrating an exemplary construction of 
an astigmatic correction electrode assembly for use 
in the high-energy electron diffraction apparatus 
shown in Fig. 1 , Fig. 4B is a diagrammatic view il- 
lustrating a cross sectional configuration of an elec- 
tron beam deformed by the astigmatic correction 
electrode assembly, and Fig. 4C is a diagrammatic 
view illustrating a projected image of the electron 
beam incident on a specimen; 
Fig. 5A is a diagrammatic view illustrating how an 
electron beam is incident on a specimen, and Fig. 
5B is a diagrammatic view illustrating an projected 
image of the electron beam incident on the speci- 
men, both in the absence of the astigmatic correc- 
tion electrode assembly; 

Fig. 6A is a diagrammatic cross sectional view in 
elevation illustrating a exemplary construction of a 
scan deflection electrode assembly for use in the 
high-energy electron diffraction apparatus shown in 
Fig. 1 , and Fig. 6B is a diagrammatic view illustrat- 
ing a detector assembly in relation to the scan de- 
flection electrode assembly; 
Fig. 7A is a diagrammatic side view illustrating an 
electron beam reflected by a specimen as in the 
high-energy electron diffraction apparatus shown in 
Fig. 1, Fig. 7B is a similar view illustrating an elec- 
tron beam reflected by a specimen placed under a 
low pressure in the conventional high-energy elec- 
tron diffraction apparatus, Fig. 7C is a similar view 
illustrating an electron beam reflected by a speci- 
men simply placed under a high pressure; 
Fig. 8 is a diagrammatic view illustrating a high-en- 
ergy electron diffraction apparatus in use that rep- 
resents a second form of embodiment of th 
present invention with an electron beam and a 
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specimen as viewed from top; 
Fig. 9A is a diagrammatic view illustrating a path of 
travel of an electron beam in the second form of em- 
bodiment of the present invention, as viewed from 
a side; 

Fig. 9B is a diagrammatic view illustrating paths of 
the electron beam as viewed from bottom; 
Fig. 10 is a diagrammatic view illustrating an action 
performed to cause an electron beam to travel as- 
suming a rocking curve in the second form of em- 
bodiment of the present invention; 
Fig. 11 is a diagrammatic view illustrating the form- 
ing of a thin film in a combinatorial laser molecular 
beam epitaxy process using the second form of em- 
bodiment of the present invention; 
Figs. 12 A, 12B, 12C and 12D are diagrammatic 
views that illustrate an example of the synthesis of 
a super lattice by a combinatorial laser molecular 
beam epitaxial process using the second form of 
embodiment of the present invention; 
Fig. 13 is a view of RHEED oscillations in the sec- 
ond form of embodiment of the present invention; 
Fig. 14 is a diagrammatic view in elevation illustrat- 
ing the typical construction of the conventional re- 
flex type high-energy electron diffraction apparatus; 
and 

Fig. 15 is a diagrammatic view in elevation illustrat- 
ing another exemplary construction of the conven- 
tional reflex type high-energy electron diffraction 
apparatus. 

Best Modes for Carrying Out the Invention 

[0042] Hereinafter, the present invention will be de- 
scribed in detail with reference to suitable forms of em- 
bodiment thereof illustrated in the drawing f igures. While 
the present invention will hereinafter been set forth with 
respect to certain illustrative forms of embodiments 
thereof, it will readily be appreciated to be obvious to a 
person skilled in the art that many alternations thereof, 
omissions therefrom and additions thereto can be made 
without departing from the essences of scope of the 
present invention. Accordingly, it should be understood 
- that the invention is not intended to be limited to the spe- 
cific forms of embodiment thereof set forth below, but to 
include all possible forms of embodiment thereof that 
can be made within the scope with respect to the fea- 
tures specifically set forth in the appended claims and 
encompasses all the equivalents thereof. 
[0043] A detailed description will first be given in re- 
spect of a typical, first form of embodiment of an appa- 
ratus for reflex type high-energy electron diffraction sys- 
tem (hereinafter also referred to as "RHEED") according 
to the present invention. 

[0044] Fig. 1 shows a first form of embodiment of the 
RHEED according to the pres nt invention. 
[0045] Referring to Fig. 1, a RHEED 10 includes an 
electron beam source 11 for emitting an electron beam 
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B and, arranged in series along an axial path of the elec- 
tron beam B emitted, an electronic objective lens 1 2 and 
objective diaphragm or lens stop 13, an axial alignment 
means' electrode assembly 1 4, a final diaphragm or lens 

5 stop 15, an astigmatic correction means' electrode as- 
sembly 1 6, and a scan deflection means 1 electrode as- 
sembly 1 7 ahead of a specimen 1 8. Also included in the 
RHEED 10 are a screen 19, and a detector means 20 
for detecting electrons impinging on the screen 9. The 

10 RHEED 10 here further includes a first casing 21 that 
has the electron beam source 1 1 and the objective lens 
stop or diaphragm 13 and that hermetically encloses 
therein environment of a portion of the path of the elec- 
tron beam extending from the electron beam source 11 

15 to the electronic objective lens stop or diaphragm 13, 
and a second casing 22 that has the final lens stop or 
diaphragm 1 5 and that hermetically encloses therein en- 
vironment of a portion of the path of the electron beam 
extending from the lens stop or diaphragm 1 3 to the final 

20 lens stop or diaphragm 15. 

[0046] The electron beam source 11 as shown in Fig. 
2 is here of field emission type, comprising an electron 
emitter 1 1 a, pull-out electrode 1 1 b and an anode 11c. 
[0047] The electron emitter 11a is constructed, e. g., 

25 W ith a driving voltage of -20 kV to -30 kV applied thereto 
to emit an electron beam B having a diameter of several 
tens nm or less. 

[0048] The pull-out electrode 11b is a disk-shaped 
electrode disposed at a right angle to the axis and hav- 
30 jng an opening in its central area for passage by the 
electron beam, and is designed, e. g., with a voltage of 
0 to +3 kV applied thereto to pull out the electron beam 
B emitted from the emitter 11a, denser in its axial direc- 
tion. 

35 [0049] The anode 1 1c is likewise a disk-shaped elec- 
trode disposed at a right angle to the axis and having 
an opening in its central area for passage by the electron 
beam B to advance further in its axial direction. 
[0050] As shown in Fig. 1 , the electronic objective lens 

40 12 is designed to act as a convex lens for the electron 
beam B, thereby to focus it towards the specimen 18. 
[0051 ] Also as shown in Fig. 1 , the electronic objective 
lens stop or diaphragm 13 has on its axis an aperture 
1 3a through which to stop down or squeeze the electron 

45 beam B and thereby to make thinner In diameter the 
electron beam B incident on the specimen 18. 
[0052] It is further seen that the axial alignment 
means' electrode assembly 14 is made up, as shown in 
Fig. 3, of two pairs of electrodes disposed crossways 

so with the two electrodes in each pair hying symmetrically 
with each other about the axis. 

[0053] The axial alignment means 1 4 may alternative- 
ly be made up of two pairs of electromagnetic coils dis- 
posed crossways with the two electromagnetic coils in 
55 each pair lying symm trically with each other about the 
axis. 

[0054]~ These two pair of electrodes or el ctromagnet- 
ic coils are designed to act.electromagneticaity on the 
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electron beam B which passes through them, thereby 
to render the electron beam B aligned with the axis of 
the system. It should be noted that the axial alignment 
electrode assembly 14 is not always necessary but can 
be omitted. 

[0055] Also as shown in Fig. 1, the final lens stop or 
diaphragm 15 has on its axis an aperture 15a through 
which to further stop down or further squeeze the elec- 
tron beam B and thereby to further reduce the diameter 
of the electron beam B to be eventually incident on the 
specimen 18, for example to 0,5|im or less. 
[0056] The astigmatic correction electrode assembly 
16 as one of the astigmatic correction means designed 
to make even in size the diameter of an electron beam 
on a specimen may, as shown in Fig. 4A, be made up 
of a first group of two pairs of electrodes 1 6a disposed 
crossways with the two electrodes of each pair lying 
symmetrically with each other about the axis and with 
the two electrodes of one pair having the same one po- 
larity and those of the other pair having the same oppo- 
site polarity, and preferably further by a second group 
of two pairs of electrodes 16b poled likewise and dis- 
posed crossways but with each of the electrodes in the 
second group interposed between two adjacent elec- 
trodes in the first group. It should be noted that here 
again these electrodes may be replaced by correspond- 
ing electromagnetic coils suitably poled with N and S 
poles, e. g., as indicated by letters N and S in Fig. 4A. 
[0057] With the astigmatic correction electrode as- 
sembly 16 thus provided, applying a driving voltage to 
each of the electrodes 16a and 16b will act to reduce 
the diameter of the electron beam B in the direction of 
its incidence on the specimen 18, e. g., as shown in Fig. 
4B. 

[0058] This permits the electron beam B as astigmat- 
ically corrected by the astigmatic correction electrode 
assembly 16 to form, when obliquely incident and then 
projected on the specimen 18, a circular image of pro- 
jection 18a that is rectified as shown in Fig. 4C. 
[0059] In the absence of the astigmatic correction 
electrode assembly 16, the electron beam B obliquely 
incident on the specimen 18 as shown in Fig. 5A will 
have a flat, elliptical image of projection that is elongate 
in its direction of incidence as indicated at 1 8 in Fig. 5B. 
It should be noted that the astigmatic correction elec- 
trode assembly 16 Is not mandatory, however, but may 
be dispensed with. 

[0060] The scan deflection electrode assembly 17 as 
a scan deflection means designed to irradiate a speci- 
men with a scan-controlled electron beam is also shown 
in Fig. 1 , as disposed between the astigmatic correction 
electrode assembly 16 and the specimen 18. The scan 
deflection electrode assembly 1 7 as shown in Fig. 6A is 
made up of two pairs of electrodes disposed crossways 
across the axis of the lectron beam, i. e., a first pair of 
electrodes 17a of different polarities disposed length- 
wise and a second pair of electrodes 1 7b of diff r nt 
polarities disposed breadthwis . 



[0061] As shown in Fig. 6B, these pairs of electrodes 
1 7a and 1 7b are designed to be driven under control by 
a drive control means 1 7c to deflect the traversing elec- 
tron beam in a longitudinal direction (direction of y-axis) 

5 while scan-deflecting it in a transverse direction (direc- 
tion of x-axis). The drive control 1 7c is also designed to 
control driving of an imaging means to be mentioned lat- 
er for the detector means 20 synchronously with driving 
of the electrodes 17a and 17b. 

10 [0062] In the scan deflection means as well, it should 
be noted that the electrodes may be replaced by elec- 
tromagnetic coils poled suitably, e. g., as indicated-by 
characters N1, N2, S1 andS2. It should further be noted 
that the span deflection means or electrode assembly 

15 17 is not always necessary but may be dispensed with. 
[0063] The specimens 1 8 is advantageously a speci- 
men on which a thin film structure is to be detected. It 
may be provided with a plurality of pixels arranged par- 
allel to one another, each having a size of 1 00u. m x 

20 1 00u.m or less, which are formed by the so-called com- 
binatorial process. The specimen 18 is disposed on the 
axis of the system for the electron beam Bfrom the elec- 
tron beam source 11 so that the electron beam B from 
the electron beam source 11 may be incident on the 

25 specimen 1 8 at a small angle, e. g., 0.5 to 5 degrees. 
[0064] The screen 1 9 as shown in Fig. 7A is disposed 
at nearly a right angle to the system axis for the electron 
beam so that it may have reflected electron beams from 
the specimen 1 8 impinging thereon. The screen is also 

30 spaced from the specimen 1 8 at a short distance of, e. 
g., 50 mm or less. This arrangement ensures that the 
reflected electron beams from the specimen 1 8 if its re- 
gion is placed under a pressure as high as several tens 
Pa yet reach enough and impinge on the screen 19. 

35 [0065] It should be noted that with the screen 19 
spaced from the specimen 18 by a long distance, the 
reflected electron beams can well reach the screen 19 
from the specimen 18 if its region's pressure is as low 
as 1 0" 6 Pa, but if the region of the specimen 1 8 is placed 

40 under a pressure as high as several tens Pa, at least 
most of them would scatter on colliding with gaseous 
molecules 23 on the way to the screen 19 and would 
thus be unable to reach it. 

[0066] The detector means 20 is made up of an im- 
45 aging means 20a that may comprise, e. g., a CCD 
(charge coupled device), which makes an image on the 
screen 19 of a diffraction pattern of the pixels on the 
specimen 1 8 scanned with the electron beam deflected, 
and a display means 20b that may comprise, e. g., a 
50 CRT, which displays the image made by the imaging 
means 20a. 

[0067] Here, the imaging means 20a as mentioned 
before is adapted to be controllably driven in synchro- 
nous with a scanning signal from the drive control 
55 means for. the scan deflection electrode assembly 17. 
This permits the image made by th imaging means 20a 
to be formed as a magnified image made of the pixels 
scanned at a pluraJityof positions. 
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[0068] The first casing 21 as shown in Fig. 1 is made 
up so as to hermetically enclose a region of environment 
of the electron beam that extends from the electron 
beam source 11 to the objective diaphragm or lens stop 
1 3 and further has the aperture 1 3a of the diaphragm or 
lens stop 13 as an orifice. This casing has its inside held 
by a pump 21 a at a low pressure of, e. g., 1 0" 7 Pa or less. 
[0069] The second casing 22 as shown in Fig. 1 is 
made up so as to hermetically enclose a region of envi- 
ronment of the electron beam that extends from the ob- 
jective diaphragm or lens stop 13 to the final lens stop 
or a diaphragm 15 and further has the aperture 15a of 
the lens stop or diaphragm 1 5 as an orifice. This casing 
has its inside held by a pump 22a at a medium pressure 
of, e. g., 10- 3 Pa or less. In contrast, a region of environ- 
ment of the electron beam that extends from the final 
diaphragm 15 to the specimen 18 and further to the 
screen 1 9 is held by means not shown to a high pressure 
as high as, e. g., several tens Pa. 
[0070] An explanation is next given in respect of op- 
erations of the RHEED 10 so constructed as described 
above according to the first form of embodiment of the 
present invention. 

[0071] An electron beam B emitted from the electron 
beam source 11 and having a beam diameter of 0.5u.m 
or less is focused by the electronic objective lens 12, is 
squeezed or reduced in diameter through the objective 
lens stop or diaphragm 13, and is then axially straight- 
ened out by the axial alignment electrode assembly 14. 
Thereafter, it is again squeezed or reduced in diameter 
through the final diaphragm or lens stop 15. 
[0072] Next, the electron beam B is deformed in its 
cross sectional configuration by the astigmatic correc- 
tion electrode assembly 16, and then after it is scan- 
deflected with the scan deflection electrode assembly 
17, is incident at a small angle on a specimen 18. The 
electron beam with its cross sectional configuration de- 
formed by the astigmatic correction electrode assembly 
15 will then have its projected image circular on the 
specimen 18. 

[0073] Then, the electron beam is reflected by the 
specimen into reflected electron beams which are al- 
lowed to impinge the screen 19. An image for the elec- 
trons impinging the screen 19 is made by the imaging 
means 20a of the detector means 20 for display on the 
display means 20b. 

[0074] - in this case, designing the electron beam 
source 11 to include a field emission type electron emit- 
ter which permits an electron beam to be emitted with a 
beam diameter if 0.5u.m or less allows the electron beam 
to be projected with a circular image having a diameter 
of 20jim or less on the specimen 1 8. It is seen therefore 
that this is sufficient to detect a thin film structure of a 
size of 20u, m x 20ujn or so. To mention further, accom- 
modating the field emission type lectron emitter in the 
first casing 21 held at a pressure as low as 10 -6 Pa al- 
lows it to operate effectiv ly. 

[0075] Further, with the differential evacuation struc- 



ture adopted that holds the region in the first casing 21 
much lower in pressure than the region of the specimen 
18 via the second casing, it becomes possible to place 
the region of the specimen 1 8 enough under a pressur 
5 as high as several tens Pa, thus providing ease for han- 
dling the specimen 18. 

[0076] Further, the electron beam B coming out of the 
objective lens stop or diaphragm 13 is made precisely 
in alignment with the system axis by the axial alignment 
10 electrode assembly 14 and is therefore made possible 
to assume its precise irradiating position with respect to 
the specimen 18. 

[0077] Also, the electron beam B coming out of the 
final lens stop or diaphragm 15 and then deformed by 

15 the astigmatic correction electrode assembly 16 so as 
to have a circular projected image when incident on a 
surface of the specimen 1 8 makes the accuracy of its 
detecting a thin film structure on the specimen 1 8 of an 
increased resolution. 

20 [0078] Further, scanning the thin film structure on the 
specimen 1 8 with the electron beam B coming out of the 
final lens stop or diaphragm 15 and scan-deflected by 
the scan deflection electrode assembly 17 causes the 
surface of the screen 19 to be scanned or traversed with 

25 the reflected electron beams from the specimen 1 8 suc- 
cessively in the directions of the x-axis and the y-axis in 
synchronous with a scan action by the imager 20a in the 
detector means 20. Thus, using detected signals as z- 
signals that correspond to x-y positions allows the thin 

30 film structure on the specimen 18 to be displayed in a 
magnified image on the display 20b in the detector 
means 20. 

[0079] Finally, locating the screen 1 9 on which the re- 
flected electrons from the specimen 1 8 are incident and 

35 impinge, away from the specimen 18 at a distance as 
short as 50 mm or less, allows the region of the speci- 
men 18 to be placed under a pressure as high as several 
tens Pa without causing the reflected electrons from the 
specimen 18 much to collide with gaseous molecules 

40 and scatter on the way, thus permitting them to be inci- 
dent on the screen 1 9 for detection without fail. 
[0080] It should be noted here that the screen 1 9 may 
advantageously be constituted by a porous screen with 
electron multiplying functions (so-called multi-channel 

45 plate screen). 

[0081 ] Such a screen permits the incident and imping- 
ing reflected electron beams and hence the diffraction 
signal if weak to be detected without fail by virtue of its 
electron multiplying functions, and thus serves to en- 

so hance the sensitivity of the electron diffraction system. 
[0082] An explanation is next given in respect of a 
second form of embodiment of the present invention 
with reference to Figs. 8 to 13. 

[0083] While in the first form of embodiment the scan 
55 d flection electrode assembly is made of two pairs of 
electrodes or electromagnetic coils disposed cross- 
ways, in the second form of embodiment additional use 
is made of further two pairs of electrodes or electromag- 
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neticcoils disposed crossways. The explanation that fol- 
lows of the second form of embodiment assumes using 
electromagnetic coils. 

[0084] Fig. 8 is a diagrammatic view that illustrates a 
scan deflection means in use and shows an electron 
beam and a specimen as seen from top. 
[0085] Referring to Fig. 8, the second form of embod- 
iment includes a first group of deflecting electromagnet- 
ic coils 34 and 34 comprising two pair of electromagnetic 
coils of different jDolarities for deflecting the electron 
beam coming out of the astigmatic correction means in 
the directions of the x- and y-axis, and a second group 
of electromagnetic coils 35 and 35 comprising two pairs 
of electromagnetic coils of different polarities for deflect- 
ing the thus deflected electron beam to arbitrarily adjust 
its angle of direction, especially to cause it to travel par- 
allel to a given direction that is defined by a given angle 
of its incidence on the specimen 1 8 and that is also per- 
pendicular to a direction in which the specimen- 18 is 
scanned therewith. Thus, the specimen 18 is here de- 
signed for scanning with a traverse or sweep of the elec- 
tron beam being incident thereon with that given angle 
of incidence, the traverse causing the mirror reflected 
electron beams from the specimen 18 to strike on the 
screen 19 and their intensities to be detected by the im- 
ager 20a that comprises, e. g., a CCD. 
[0086] In this case, a computer 31 is included for per- 
forming parallel-processing of RHEED patterns rapidly 
using a combination of the CCD and an image proces- 
sor, and to hold mutual relations between electron beam 
parameters control led and beam irradiated areas of the 
specimen selected, and intensities detected of mirror re- 
flected electron beams from those irradiated areas un- 
der centralized management and control. 
[0087] Further, the computer 31 is used to control de- 
flections of the electron beam by acting on the first and 
second sets of electromagnetic coils 34 and 34; and 35 
and 35 via their drive control 1 7. 
[0088] An explanation is next given in respect of op- 
erations of the second form of embodiment of the inven- 
tion. 

[0089] Fig. 9 A is a view illustrating a path of travel of 
an electron beam in the second form of embodiment of 
the invention, as seen from a side and Fig. 9B is a view 
illustrating the path of travel of the electron beam as 
viewed from bottom. 

[0090] Referring to Fig. 9, the first set of electromag- 
netic coils is used to deflect the electron beam arriving 
from the electron gun 12 to cause it to extend over in a 
plane inclined to a vertical plane of the incident electron 
beam with a given angle and then to cause it to be inci- 
dent into the second set of electromagnetic coils. The 
extended electron beam is then made to be parallel and 
also deflected with an angle defined by an angle of. in- 
cidence on the specimen 1 8 to be irradiated therewith. 
[0091] Consequently, the present form of embodi- 
ment of th invention allows a specimen 18 to be 
scanned with an expanded parallel lectron b am and 



a given area of the surface ofthe specimen to be aimed 
and scanned with the electron beam as such and inci- 
dent thereon with any desired angle of incidence as ad- 
justed. 

5 [0092] An explanation is next given in respect of a 
method of taking a rocking curve for diffraction. 
[0093] Fig. 10 is a diagrammatic view illustrating an 
action performed to cause an electron beam to travel 
assuming a rocking curve in the second form of embod- 
10 iment of the invention. 

[0094] Referring to Fig. 1 0, should the electron beam 
A be incident with a given small angle on the specimen, 
the electron beam A may adjustably be deflected by a 
predetermined angle by the first set of electromagnetic 
coils 34 and 34 and then incident into the second set of 
electromagnetic coils 35 and 35 in which it may be or 
remain deflected with such a preselected angle that it 
may be incident on the specimen with that given small 
angle. In the present form of embodiment it should be 
noted that the specimen 18 is left immovable. 
[0095] Should the electron beam B be incident on the 
specimen with a given large angle, the electron beam is 
deflected by the first set of electromagnetic coils 34 and 
34 with a predetermined angle as bent downwards to be 
incident into the second set of electromagnetic coils 35 
and 35 by which.it is deflected with a preselected angle 
as bent upwards to be incident on the specimen with 
that given large angle. It should be noted that a desired 
area on the specimen can be scanned with the expand- 
ed parallel electron beam as mentioned in connection 
with Fig. 9. 

[0096] Thus in the present form of embodiment, elec- 
trical control for the first and second sets of electromag- 
netic coils 34 and 34, and 35 and 35 alone permits any 
area desired on the specimen 1 8 to be scanned with the 
electron beam incident with any angle of incidence as 
desired. 

[0097] The present invention in this form of embodi- 
ment that requires no mechanical drive means for scan- 
ning, therefore, permits a rocking curve as required for 
rapid diffraction analysis to be obtained promptly. 
[0098] Now then, while in Fig. 8 the first and second 
deflection coil assemblies are both illustrated as consti- 
tuting a scan deflection means, it is possible to use the 
first deflection coil assembly as an astigmatic correction 
means and the second deflection coil assembly as a 
scan deflection means. In this case, the first deflection 
coil assembly has a pair of electromagnetic coils of a 
same polarity disposed crossways. 
[0099] If an electrode or coil assemblies producing 
electromagnetic forces are used as an astigmatic cor- 
rection means and a scan deflection means, a pair of 
electrodes or electromagnetic coils may have a same 
polarity if used to form the astigmatic correction means 
and may have different polarities if used to form the scan 
deflection means. 

[0100]" And, if they ar used to act in directions of x- 
axis and y-axis, two pairs may be provided simply with 
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each pair for each of the two directions, respectively. 
[0101] Further, in view of the fact that the astigmatic 
correction means may be distributed not simply in four 
directional positions but in eight directional positions, it 
is seen possible to distribute the astigmatic correction s 
means in four directional positions and the scan deflec- 
tion means in the other four directional positions. 
[0102] It is thus seen that distributing the astigmatic 
correction means and the scan deflection means at po- 
sitions symmetrical about the system axis of a high-en- 10 
ergy electron diffraction system makes it possible both 
to reduce the diameter of an electron beam and to de- 
flect it. 

[0103] An explanation is next given in respect of op- 
erations of a process of combinatorial laser molecular *5 
beam epitaxy having applied thereto a high-energy elec- 
tron diffraction analysis apparatus according to the 
present invention. 

[0104] The combinatorial laser molecular beam epi- 
taxy process is designed to gasify solid materials by ir- 20 
radiating targets of the materials with laser beam light 
and to mask and unmask with a movable mask, regions 
on a specimen for the gasified materials, , thereby caus- 
ing thin films of the different materials to epitaxiaily grow 
and be formed as individual mono-molecular layers on 
a surface area of the specimen. 

[0105] Fig 11 is a diagrammatic view illustrating es- 
sential portions of the forming of thin films by the com- 
binatorial laser molecular beam epitaxy process. It 
should be noted that means for heating the specimen 
and so forth are omitted from illustration. 
[0106] Referring to Fig. 11, the combinatorial laser 
molecular beam epitaxy process is shown using a KrF 
excimer laser 41 to irradiate a target 42 therewith to pro- 
duce a precursor 44, and moving movable masks 46 
and 46 to mask and unmask therewith, selected regions 
of a specimen 47 with respect to the precursor 44, there- 
by to cause a thin film of layers that vary in combination 
of elements or thin films that vary in sequence of such 
layers to build up on an area or areas on the specimen 
47. Here during this process, the epitaxial growth of 
each individual monomolecular layer that is in a process 
of its buildup is monitored by scanning the area or each 
of the areas with an electron beam 48 moving in parallel 
jointly with the movements of the movable masks 46. 
[0107] The movable masks may be masks formed 
with different masking patterns and it is then simply re- 
quired that the system be provided with a mechanism 
that is capable of exchanging different masks in se- 
quence, 

[0108] Thus, exchanging masking patterns with a 
movable mask for given areas of the specimen permits 
forming by epitaxial growth for each individual monomo- 
lecular layer, a thin film of layers that vary in combination 
of elements or thin films that vary in sequenc of such 
layers to build up on an area or areas on the specimen 
as well. 

[01 09] Causing a parallel expanded electron beam 48 



of 10 to 50 keV from a high-energy electron diffraction 
apparatus according to the present invention to be inci- 
dent on a surface of the specimen at an angle as small 
as 1 to 2 degrees produces RHEED intensity oscillations 
with a period corresponding to each individual atomic or 
molecular layer. The angle of incidence of the electron 
beam onto the specimen surface may be set up by the 
first defection coil assembly 34, 34, and this deflected 
electron beam that otherwise spreads or swings may be 
rectified in angle to move parallel to allow the aimed area 
of the specimen to be swept thereby. 
[0110] Figs. 12A, 12B, 12Cand 1 2D are diagrammat- 
ic views that show an example of the synthesis of a su- 
per lattice by the combinatorial laser molecular beam 
epitaxial process wherein the same reference charac- 
ters as In Fig. 11 are used to designate the same parts 
and the arrangement is top and bottom reversed. 
[0111] As shown In Fig. 12A, as the movable masks 
46 and 46 are moved, a material A is built up on prese- 
lected areas of the specimen, e. g., those designated by 
reference characters 49a, 49b, 49c and 49d, while the 
epitaxial growth of each individual monomolecular layer 
is being monitored by a high-energy electron diffraction 
analysis apparatus according to the present invention. 
Then, these areas differ in the molecular layer that a ma- 
terial A epitaxiaily grows according to the masking se- 
quence. 

[0112] The angle of incidence of the electron beam 
onto each of the areas of the specimen surface may be 
set up by the first defection coil assembly 34, 34, and 
this deflected electron beam that otherwise spreads or 
swings may be rectified in angle by the second deflec- 
tion coil assembly 35, 35 to move parallel to allow the 
aimed area of the specimen to be scanned thereby. On 
that area having had an epitaxial growth, the electron 
beam is moved jointly with the movable masks to scan . 
a next area therewith. 

[01 1 3] Respective electron diffraction patterns for the 
growth areas on the specimen are fetched or drawn "in 
time sequence by the CCD shown in Fig. 8 to derive the 
images which are bundled for respective pixels, and 
systematic changes in the images of the pixels are bun- 
died independently and parallel and displayed on the 
display 20b (Fig. 8). 

[0114] Next as shown in Fig. 12B, the specimen 47 is 
rotated by 90 degrees to allow a material B to build up 
to form a preselected number of pixels for each of the 
areas as shown in Fig. 12C. 

[0115] Thus as shown in Fig. 12D according to the 
masking sequence, for example the materials A and B 
are formed each for four consecutive molecular layers 
in the area 49a, the materials A and B are formed alter- 
nately in four molecular layers in the area 49b, one mo- 
lecular layer of the material B and four molecular layers 
of the material A are formed alternately in th area 49c 
and one lay r of the material A and one layer of the ma- 
terial B are formed alternat ly in the area 49d. 
[0116] Fig. 13 is a view of RHEED oscillations as ob- 
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served in a high-energy electron diffraction analysis ap- 
paratus according to the present invention. 
[0117] In Fig ; 13, a shows that pixel 1 (indicated by 
P1) and pixel 2 (indicated by P2) are masked by the 
movable masks and only pixel 3 (indicated by P3) has 
an epitaxial growth. 

[0118] And, b shows that only the pixel 1 (P1) is 
masked by the movable masks and the pixels 2 and 3 
(P2 and P3) have each an epitaxial growth. Further, c 
shows that the pixels 1 , 2 and 3 (P1 , P2 and P3) are 
unmasked and have each an epitaxial growth. 
[0119] Thus, specifically, the RHEED oscillations are 
shown that are as observed when the pixel 1 (P1) had 
epitaxial growth of SrTi0 3 and BaTi0 3 each in two mo- 
lecular layers, the pixel 2 (P2) had epitaxial growth of 
SrTi0 3 and BaT10 3 each in four molecular layers, and 
the pixel 3 (P3) had epitaxial growth of SrTi0 3 and 
BaTi0 3 each in six molecular layers. 
[0120] It is thus seen that a high-energy electron dif- 
fraction apparatus according to the present invention 
enables a specimen to be scanned with an electron 
beam while directions of its incidence are held parallel 
directed at given points on the specimen. 
[0121] Further, a high-energy electron diffraction ap- 
paratus of the present invention enables the angle of 
incidence of an electron beam at a given point on a spec- 
imen to be arbitrarily set, and thus the electron beam to 
be incident at a given point on the specimen with any 
angle of incidence desired. 

[0122] Also, a high-energy electron diffraction appa- 
ratus of the present invention permits RHEED patterns 
at different points to be rapidly gathered and parallel 
processed using a CCD and a image processor com- 
bined and operated synchronously with scan operations 
with an electron beam and thus provides the ability to 
simultaneously analyze changes with time of RHEED 
images and intensities at different points. 

Industrial Applicability 

[01 23] As will be apparent from the foregoing descrip- 
tion, designing an electron beam source in accordance 
with the present invention to include a field emission 
type emitter reduces the beam diameter of an electron 
beam incident on a specimen to O.Sjam or less If the 
specimen is spaced apart from the electronic optical ob- 
jective lens at a distance as long as 150 to 300 mm. 
[0124] It follows therefore that if the electron beam is 
incident on the specimen at an angle of, say, 3 degrees, 
the beam as projected on the specimen has a size as 
small as 1 00|xm x O.Sjxm which is well capable of iden- 
tifying a thin film structure of a size of 1 0O^im x 1 00pm 
or less such as a pixel of a size of 100|im x 100pm or 
I ss as involved in combinatorial synthesis techniques. 
[0125] Furth r, the construction that makes up the re- 
gion from the electron beam source constituted with a 
field emission type electron emitter to the specimen in 
a two-stage differential evacuator structures partition d 



by a objective diaphragm and a final diaphragm allows 
the region of the electron beam source to the objective 
diaphragm to be held under a low pressure of 10" 6 Pa 
or less well-suited for the field emission type electron 
5 emitter and yet a region of the specimen to be held under 
a comparatively high pressure of several tens Pa. Thus, 
should the source region be evacuated to a high vacuum 
as low as 1 0 -6 Pa or less which the use of a field emis- 
sion type electron emitter as the electron beam source 
10 requires, creating a difference in pressure in two stages 
allows not only the first region to be readily so evacuated 
but a region of the specimen to be left high in pressure 
for the ease of handling specimens. 
[0126] There is thus provided in accordance with the 
*5 present invention a high-energy electron diffraction ap- 
paratus that is extremely useful as a high-performance 
reflex type high-energy electron diffraction analysis ap- 
paratus, especially because its afforded ability to mon- 
itor and identify a thin film structure of a size of 1 0Ojim 
100jim being synthesized in parallel. 



25 1- A high-energy electron diffraction apparatus of re- 
flection type in which a specimen is securely held 
in a vacuum chamber capable of evacuation to a 
high vacuum and is irradiated with a high-energy 
beam of electrons to form an image of reflected 
30 beam diffraction, the apparatus comprising: 

a first casing adapted to accommodate therein 
an electron beam source for producing an elec- 
tron beam, thefirst case having afirst aperture; 

35 and 

a second casing coupled to said first casing via 
said first aperture and having an end portion 
formed with a second aperture coaxial with said 
first aperture, wherein 

40 said first and second casings form a differential 

evacuation structure with said first casing held 
lower in pressure than said second casing, and 
said electron beam source accommodated in 
said first casing comprises a field emission type 

45 electron emitter. 

2. A high-energy electron diffraction apparatus as set 
forth in claim 1 in which said first casing is provided 
in a region of said first aperture with an electronic 

50 objective lens and objective diaphragm or lens stop 
for focusing the electron beam from said source on 
a specimen, and said second casing is provided at 
said second aperture with a final diaphragm or Jens 
stop. 

55 

3. A high-energy electron diffraction apparatus as set 
forth in claim 1 or claim 2 in which between the ob- 
jective diaphragm or lens stop disposed in the re- 
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gion of said first aperture in said first casing and the 
final diaphragm or lens stop disposed at said sec- 
ond aperture in said second casing there is dis- 
posed an axial alignment means for adjusting an ax- 
ial alignment of the electron beam passed through 
said objective diaphragm or lens stop. 

4. A high-energy electron diffraction apparatus as set 
forth in claim 1 , claim 2 or claim 3 in which between 
said final diaphragm or lens stop disposed at said 
second aperture and said specimen there is dis- 
posed at least one of an astigmatic correction 
means for correcting a projected image of the elec- 
tron beam incident on said specimen and a scan 
deflection means for adjustably positioning the 
electron beam relative to an area on said specimen 
that is irradiated therewith. 

5. A high-energy electron diffraction apparatus as set 
forth in claim 4 in which said astigmatic correction 
means and said scan deflection means are dis- 
posed alternately, symmetrically about an axis of 
the electron beam. 

6. A high-energy electron diffraction apparatus as set 
forth in claim 4 or claim 5 in which said astigmatic 
correction means and said scan deflection means 
are constructed so as to be interchangeable on 
changing polarity. 

7. A high-energy electron diffraction apparatus as set 
forth in any one of claims 4 to 6 in which each of 
said astigmatic correction means and said scan de- 
flecting means includes a plurality of pairs of elec- 
trodes or electromagnetic coils. 

8. A high-energy electron diffraction apparatus as set 
forth in any one of claims 4 to 7 in which said scan 
deflection means includes a first and a second de- 
flecting electromagnetic coil means for permitting 
the electron beam to be incident on said specimen 
at any given angle of incidence as desired. 

9. A high-energy electron diffraction apparatus as set 
forth in any one of claims 1 to 8, further comprising 
a movable screen disposed at a position close to 
said specimen for projecting thereon diffracted 
electron beams from said specimen. 

10. A high-energy electron deflection apparatus as set 
forth in any one of claims 1 to 9 in which a screen 
for projecting thereon the diffracted electron beams 
from said specimen is disposed at a position spaced 
apart from said specimen at a distance not greater 
than 50 mm. 

11. A high-energy electron diffraction apparatus as set 
forth in any one of claims 1 to 1 0 in which a screen 



for projecting thereon the diffracted electron beams 
from said specimen comprises a porous screen with 
an electron multiplying function 
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